Abstract: An analysis of a variety of existing experimental data leads to the conclusion on the existence of a resonance mechanism allowing weak magnetic fields to affect biological processes. These fields may either be static magnetic fields comparable in magnitude with the magnetic field of the earth or weak ultra-low frequency time-dependent fields. So far, a generally accepted theoretical model allowing one to understand the effect of magnetic and electric fields on biological processes is not available. By this reason, it is not clear which characteristics of the fields, like magnetic and electric field strength, frequency of change of the field, shape of the electromagnetic wave, the duration of the magnetic or electric influence or some particular combination of them, are responsible for the biological effect. In the present analysis it is shown that external time-independent magnetic fields may cause a resonance amplification of ionic electric currents in biological tissues and, in particular, in the vasculature system due to a Brownian motion of charges. These resonance electric currents may cause necrotic changes in the tissues or blood circulation and in this way significantly affect the biological organism. The magnitude of the magnetic fields leading to resonance effects is estimated, it is shown that it depends significantly on the radius of the blood capillaries.
Introduction
In recent years, the interest in a wide spectrum of noise-induced phenomena is considerably increasing [1] . This interest is to a large extent caused by a variety of experimental data proving that noise, being an inherent ingredient of any processes in real systems, may lead not only to some thermodynamic non-structural effects but, in contrast, may be the origin of macroscopically measurable phenomena or, in other words, be the origin of macroscopically observable structures..
For example, in samples, where some weak electric current is sustained, there exists the so-called Johnson noise [2] , i.e., rapidly changing and unpredictable fluctuations of the current may be observed. These fluctuations are caused by molecular processes of the carriers of the charges. In systems, where the carriers of the electric charges are ions, the fluctuations in the motion of these ions yield the main contribution to the fluctuations of the currents.
The Johnson effect is observed in systems being in a thermal equilibrium state or near to such states. The existence of weak electric currents does not change the structure of the systems considerably. And since the Brownian motion of the ions is only weakly connected with fluctuations in their number, the ensemble of ions may by considered as being near to equilibrium [3] . If, in contrast, some finite electric current is established in the system, then the ensemble of ions is transformed into a non-equilibrium state. As a consequence, the spectral density of electric fluctuations increases in comparison with the respective equilibrium states. This increase is conventionally denoted as a current noise.
The measurement of the characteristics of the noise spectrum of the currents allows one to establish the basic characteristics of the mechanisms of the electronic or ionic transport. These characteristics cannot be reproduced by measurements of only the average value of the current. For example, in [4] , the spectra of noise of electric currents have been reported obtained for samples of the system n-InSb (the concentration of free charge carriers generating the currents are equal to n=7⋅10 13 cm -3 , B=1T, Т=75К) with similar electrophysical parameters. Despite this similarity, the spectra of noise of the different samples differ not only in magnitude but also even in shape. The magnetic field changes thus both parameters the magnitude and shape of the spectra of noise. In [5] it is shown that in the temperature range 4.5<T<12K an intensive current noise is found in samples of n-InSb (here the concentration of free charge carriers is equal to n=7⋅10 13 сm -3 ). The noise measured depends non-monotonically on temperature and on the magnitude of the average current at fixed temperature.
In electrolyte solutions, diffusion may lead to additional specific effects in the generation of noise which are not observed in solid conductors. In the present paper, we investigate one particular of such example, the generation of ionic currents in water solutions in the presence of weak electric and magnetic fields. The analysis will be performed based on the Langevin equation. As it will be shown below these effects are of particular relevance for the understanding of biological processes in blood circulation and related problems as discussed below.
In the current literature, a huge amount of experimental data can be traced demonstrating the pronounced effect of ultralow-frequency or static magnetic and electric fields on biological processes. For example, fields with a magnitude of the magnetic induction of the order of 10-1000 nT may have significant biological effects [6] [7] Ionic electric currents have been shown to be of outstanding significance in the understanding of a variety of phenomena in medicine and biophysics [3, 10] . By this reason, the analysis of possible sources of evolution of such currents is of outstanding interest. Here
we would like to demonstrate that the Brownian motion of charges under the influence of electric and magnetic fields can be one source of evolution of ionic electric currents in biological tissues exhibiting, at part, a pronounced resonance character.
The Langevin Equation and its Solution

Derivation of the Basic Equation
Stochastic methods of analysis are applied widely in different fields of physics, biophysics, biology, chemistry, and engineering [2] . For example, in [11] , employing Non- 
Here e F r is the external force and ( ) i f t r is the random force acting on the respective particle. It is the same for any atom of the same type and is not correlated for different ions
Here k B is the Boltzmann constant and i ξ the friction coefficient.
In order to determine the density of ionic electric currents caused by the motion of positively and negatively charged ions, we have to compute the flux density of ions and to multiply it with the charge (q)
Here the sum has to be taken over all charges of the different types of ions, which are located in a small volume, V, n is its number. If this volume has a transverse to the ionic electric current section S and a length L into the direction of the current, the current is determined by the equation 
The external magnetic field acts on the electric current of length L with the force
We will determine in the subsequent analysis fluctuations of a scalar quantity, the magnitude of the current. By a substitution of Eq. (6) into Eq. (5) we arrive at
where the notations
are introduced. As mentioned, the random force
is supposed to describe white noise, so we have (11)
Solution of the Basic Equation and General Analysis
As shown above, the electric current may be described by a linear stochastic differential equation with white noise as the random source. The respective process is a process of Ornstein-Uhlenbeck type and the formal solution of Eq. (7) 
Taking the derivative of Eq. (14) with respect to time, we obtain
The solution of Eq. (15) 
If instead of the magnetic field, a constant electric field Е is applied, then Eq. (7) gets the following form 
For the average current, we get
The dispersion ( ) t σ is again determined via Eq.(16).
If there is no external magnetic field, then Eq.(19) gets the following form
The solution of this equation is given by
and widely determined by the exponential term, i.e., it changes exponentially from the initial 
Here f(t) accounts for the effect of white noise and the process is an Ornstein-Uhlenbeck process, again. Eq. (7) can be solved consequently similarly to Eq. (7). The respective results
show that in the absence of magnetic fields, resonance effects do not occur.
Numerical Estimates
In order to estimate the resonance value of the magnetic induction as described by
Eqs. (17) and (18), we employ the following data [12] [13] [14] The aorta can be considered as a canal with a diameter of (1.6-3.2) ·10 -2 m and a cross section area of (2.0-3. Substituting these values into Eq.(18), we get, at sin(α)≈1, for the aorta B = 0.5·10 -12 Т and for the capillary B=270 μТ. These estimates show that large vasculatures are more sensitive to ultra-weak and capillaries are sensitive to weak and moderate magnetic fields.
Conclusions
Capillaries represent the overwhelming part of the system of blood circulation of human beings in addition to the heart, arteries, arterioles, veins and venules. In almost any of the organs and tissues of the organism these micro-vessels form networks similar to spiderwebs. This whole complex system of blood circulation, including heart, vasculature, and also the mechanisms of neural and endocrinal regulation, has been created by nature in order to supply via the capillaries blood containing essential "food" required for a normal functioning of the tissues and cells. When this blood circulation is disturbed, in the cells and tissues undesired necrotic changes may occur, the cells and tissues may die or may be heavily damaged. Fluctuations of ionic electric currents may be the origin for such disturbances and may thus negatively affect these very important parts of the blood circulation system.
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